In Turkey, studies investigating the economic effects of climate change on agriculture are limited and there is little or no research that focuses on livestock production as regards changes in climate. In this context, the main objective of this research is to analyze the impacts of climate change on dairy cattle farms in terms of costs, according to different future scenarios and farms scales. Interviews were conducted with 140 dairy farmers in Thrace Region. To analyze the change in costs, the model developed by Calil et al. (2012) was used. According to the results of cost analysis, it was determined that climate change will lead to a 10-50% cost increase on dairy farms by the year 2044. The heat stress is responsible for 48-71% of the increase in the cost of production, where 24-52% is due to increase in feed prices. Based on the outcome of this research, it was suggested that agricultural extension activities should be carried out in order for farms to get adapted to climate change. Agricultural supports and investment projects should be related to climate change.
Introduction
Presently, the effects of climate change on livestock production are one of the recurrent issues being discussed. Climate change increases the running cost of farms due to several reasons, such as reduced yields, rising cost of treatment, increasing prices of feed and energy and making new infrastructure investments to redesign of the barns such as building cooling, evaporating, watering, fogger systems, sprinklers and fans.
Dairy cattle are more vulnerable to changes in climatic factors than other ruminants and could be swiftly influenced by them (Bernabucci et al., 2010) . These effects comprise; (1) yield and quality-reducing effects on milk production, (2) effects on growth; reduction in both feed intake, feed efficiency and body weight, (3) effects on reproduction; (4) hormonal changes in adapting to climate change, (5) proliferation of diseases or spring up of new ones (Sejian et al., 2016) . The issues caused by climate change and the resulting heat stress could cause significant economic problems to dairy farms (Bajagai, 2011; Henry et al., 2012; Sejian et al., 2015; Sinha et al., 2017) . Besides, the impact of climate change on yield of feed crop is also a considerable reason for the cost increase (Calil et al., 2012; Lakew, 2017) . Furthermore, there are other reasons which may increase the cost of the farmers such as making new investments to apply climate-smart agricultural practices and technological transfer for mitigating the effects of climate change (Branca et al., 2015; Alrusheidat et al., 2016) .
An internationally accepted temperature-humidity index (THI) has been established to investigate the effects of climate variables on dairy cattle (Bernabucci et al., 2014; Sinha et al., 2017) . THI can be calculated using ambient temperature and relative humidity. It is widely accepted in the international literature that THI=72 is the starting point of stress in dairy cattle, thereafter, milk yield, fat and protein content starts to decrease (Du Preez et al., 1990; Armstrong, 1994; Ravagnolo and Misztal, 2000; Bouraoui et al., 2002; West et al., 2003; Chase, 2006; Bernabucci et al., 2014; Sinha et al., 2017) . Some studies also claimed that this threshold is lower for high producing dairy cattle (Armstrong, 1994; Berman, 2005; Collier et al., 2012; Gantner et al., 2015) . The yield losses calculated by the researchers as a result of the increase in THI; 0.18-0.36lt/day for Poland (THI>72), 0.41 lt/day for Tunisia (THI>69), 0.2 lt/day for the US (THI>72), 0.24-0.716 lt/ day (THI from 68 to 76) for Croatia (Ravagnolo and Misztal, 2000; Bouraoui et al., 2002; Herbut and Angrecka, 2012; Gantner et al., 2015) . In the United States of America, a total loss of $ 2.36 billion/year due to heat stress has been estimated from the livestock sector and dairy production loss took the highest share (St-Pierre et al., 2003) . Another study also conducted in the same country reported that economic losses from heat stress were $ 670 million per year in the historical period , $ 1.7 billion per year in the 2050s, and $ 2.2 billion per year in the 2080s (Mauger et al., 2015) . Key et al. (2014) estimated a decrease in the total value of milk production in the US by $ 198.6 million in 2030. According to the result of the study by Calil et al. (2012) , the operational costs of US dairy farms will increase in 2050 between 2.7% and 15.1% due to climate change. Cortignani et al. (2015) stated that climate change would reduce the net income of Italian dairy farms by 2.1% till 2030. In Australia, the output of dairy farms is expected to decline by 5-15% across the country by 2050 and the economic loss would be about $ 100 million/year (Hanslow et al., 2014) . In Africa, a continent mostly affected by climate change, it was reported that climate change would cause $ 177,351.24 revenue loss by the end of the mid-century (Lakew, 2017) .
Most of the studies that examined climate change in Turkey generally focused on the economy and crop production (Cakmak et al., 2009; Dellal et al., 2011; Aksoy and Can, 2012; Sen et al., 2012; Dudu and Cakmak, 2017; Dumrul and Kilicaslan, 2017; Ouraich et al., 2018) . There are also rare studies examining the effects of climate change and heat stress on livestock production, especially on dairy cattle (Yaslıoğlu and İlhan, 2016; Işık et al., 2016) . Although, there are no studies that analyzed the issue from the point of cost of dairy farming. Nevertheless, according to scenarios of Intergovernmental Panel on Climate Change (IPCC) and studies that examined the vulnerability and variability of the Mediterranean basin to climate change, the basin is one of the most adversely affected by climate change in the future (Silkin, 2014; IPCC, 2014; Turp et al., 2015) . Thus, Turkey, where located in the Mediterranean basin, is one of the vulnerable country that will be affected by climate change and might face warmer, drier, and uncertain rain conditions Özdoğan, 2011; Kapluhan, 2013; Başoğlu, 2014) . In this context, this research has two main aims; one is to analyze the effects of climate change on the costs of dairy farms in the Thrace Region. The second one is to bring proposals in terms of agricultural policies.
Research Methodology

The Study Area
Thrace Region is located in the west of Turkey and in the Continent of Europe (Figure 1 ). It covers an area of about 1.9 million ha and consists of three provinces; Tekirdağ (TR211), Edirne (TR212), and Kırklareli (TR213). The Region covers the Meriç-Ergene Basin, which accounts for 77% (14.560 km 2 ) of the total land.
In 2017, the total number of cattle in the region was 433926 head and 41.13% of them were the dairy cows. Milk production is 670833 ton/ year (TurkStat, 2018) . Thrace Region is one of the most important regions for Turkey's dairy farming. According to the country's milk yield ranking, provinces of the region are at the top position; Tekirdağ 4th, Kırklareli 5th and Edirne 7th (TurkStat, 2014) . The region is also important due to its freedom from diseases. The disease-free zone is ensured through vaccination since 2010, particularly for the foot-and-mouth disease (Ministry of Food, Agriculture and Livestock, 2017a; EU, 2018) . A total of 178 of 419 disease free dairy farms and 18 of 95 EU certified dairy farms are in Kırklareli (Esen, 2017; Ministry of Food, Agriculture and Livestock, 2017b ). Furthermore, agro-industry is well developed in the region and there are 192 enterprises in the milk and dairy industry. Their annual dairy processing capacity is 351625 ton in Edirne, 312447 ton in Kırklareli and 405146 ton in Tekirdağ (TDA, 2015) . The region's closeness to important markets such as İstanbul and Europe increases its opportunities for marketing (Ministry of Food, Agriculture and Livestock, 2017b).
Meteorological Data
The mean annual temperature of Meriç-Ergene Basin is 13.4°C over the period, 1970-2000. The region's climate is mid-rainy and the distribution of precipitation is geographically similar within the basins (Ministry of Environment and Forestry, 2008) . According to the Turkish State Mete-orological Service (TSMS), the Köppen-Geiger climate class of the region is hot-summer Mediterranean climate (Csa) (TSMS, 2016) . As per the map of average humidity distribution in Turkey, the region's humidity rate is between 70.6% and 78.3% (TSMS, 2017a) .
According to the projections based on HadG-EM2-ES model, RCP4.5 and RCP8.5 scenarios, average temperatures in the basin will increase between 1.7-1.8°C by 2015-2044, 2.4-3.1°C by 2045-2074 and 2.9-4.8°C by 2075-2100. Within the period 2015-2044, forecasts show that the greatest temperature rise would be by June (2-2.2°C), July (1.9-2.8°C), August (1.9-2.4°C) and September (1.9-2.6°C). Furthermore, it is also expected that the number of sequential droughty days will increase from 64 to 80 (Ministry of Forestry and Water Affairs, 2017).
The increment level of CO 2 used in the study are taken from scenarios of Intergovernmental Panel on Climate Change (IPCC). CO 2 concentration level was 399.97 ppm in 2015. By 2044, it is expected to rise between 471-508 ppm according to RCP 4.5 and RCP 8.5 scenarios, respectively (IPCC, 2017).
Methods of sampling and data collection
The main material used in this research is based on face-to-face interviews with dairy farmers in villages and districts of Edirne, Kırklareli and Tekirdağ in Thrace Region. The number of farmers to be included within the scope of the study was calculated as 140 according to the proportional sampling method (90% confidence interval, 6.9% error margin) (Newbold, 1995) . In equation 1, n is the sample size, N is the population size (35214), and p is the prediction rate. Maximum sample size was aimed to be achieved in the study, where p: 0.50 and (1-p): 0.50 were taken.
(1) MPD = −1.075 − 1.736 × NL + 0.02474 × NL × THI (1)
The number of producers included in the survey from the provinces was determined according to the share of the total milk production. Thus, 53 farmers from the Edirne (Keşan and Uzunköprü districts), 45 farmers from the Kırklareli (Lüleburgaz and Babaeski districts) and 42 farmers from the Tekirdağ (Malkara and Hayrabolu districts) were included in the sample. These districts have 46.6% of the dairy farms and produce 45% of the whole milk in the region.
The farms included in the scope of the survey are farms which have more than 5 dairy cattle and registered in the genealogical registry. When the data was being analyzed, the farms were grouped into five groups depending on their sizes, that is, the number of dairy cows on the farm. The survey was conducted in August 2017. The questionnaire used for data collection is made up of two parts. The first section includes 13 farmers' oriented demographic questions such as age, level of study and income. The second part consists of 103 questions about the general characteristics of the farms and 90 of them are open-ended. The context of these questions focused on information about the farm's land size, animal existence, production pattern, variable costs (feed, labor, electricity, water etc.) and milk production.
Methods of data analysis
Information received from farmers was firstly assessed and evaluated by simple statistical methods such as frequencies, averages, and ratios. Farms were grouped into scale and classified in terms of the number of dairy cows; 1) 5-14, 2) 15-29, 3) 30-49, 4) 50-99, 5) 100 and above (see Table 1 ). In order to examine the difference between groups, Pearson Chi-Square analysis, Kruskal Wallis and Mann Whitney U tests were used. Data were analyzed using the Statistical Product and Service Solution (SPSS) software version 20.0 and Microsoft Excel.
Variable Costs
When calculating the variable costs of the farms, feed costs are first of all taken into consideration. Feed costs were divided into two parts which represent homegrown feed cost and purchased feed cost. Homegrown feed costs include seeds, fertilizers, pesticide, fuel, water, insurance, harvest, temporary worker costs and other inputs which are directly associated with feed crops production. Other variable costs of farms are electricity, water, veterinary services and medicines, artificial insemination, cleaning, transportation, insurance and temporary workers. Variable costs for each farm scale group were calculated separately.
Climate change effects of variable costs
In this study, the model developed by Calil et al. (2012) was used to determine the effects of climate change on dairy farms. Three different scenarios have been created to set out the impacts of climate change on total variable costs of farms. The terms "low, medium and high" were used for denominating these scenarios.
To estimate the increase in variable costs of dairy farms due to climate change, a model was constructed that include feed, energy costs and heat stress factor. Some key criteria were used for selecting correct inputs for the model; (1) input must constitute a large portion of a dairy farm's budget, (2) must be directly affected by climate change, (3) must be measurable. In this context, due to their share of livestock ration and also their contribution to the variable costs, alfalfa, barley, corn, corn silage were selected to use in the model. Furthermore, the other important inputs used in the analysis are fuel, electricity and temperature which are related to climate change and cost of the farms.
Heat Stress Factor
There is also a need to calculate the effects of THI on milk yield in this model (MPD). The following equation was used to calculate the ef-fects of heat stress on milk yield (Berry et al., 1964; Calil et al., 2012) . On the equation; MPD is the absolute decline in milk production, (lt/ cow/day), NL is normal daily production levels (lt/cow) and THI is temperature humidity index.
Λορεμ ιπσυμ
Based on previous studies, the THI threshold for the influence of heat stress on milk yield was 72 (Du Preez et al., 1990; Armstrong, 1994; Bouraoui et al., 2002; West et al., 2003; Chase, 2006; Broucek, 2007; Bernabucci et al., 2014; Sinha et al., 2017) . When THI index ranges from 72 to 79, the cows begin to suffer from mild heat stress. If the THI exceeds 80, it means that there will be moderate heat stress (Armstrong, 1994; Akyuz et al., 2010; TSMS, 2017b) . In this study, the THI level was taken as 72 (no stress) in the low scenario, 77 (mild stress) in the medium scenario and 80 (high stress) in the high scenario. In this case, it is assumed that heat stress will be zero and it does not have any effects on costs at the low scenario. In order to calculate the effect of heat stress on milk yield, this equation was repeated for the 5 farm scale groups each and 3 scenarios.
Feed Costs
The changes in total feed costs were calculated separately as homegrown and purchased feed costs. In order to determine the changes in crop prices, it was necessary to establish a relationship between yield, quantity and price. So, elasticity has been used to calculate how changes in the yield will affect the price of feeds (change in price = change in yield/elasticity of supply). Lobell and Field (2007) reported that increasing 1°C of temperature led to decrease in barley yield by 8.9% and corn yield by 8.3%. Studies that analyzed the effects of climate change on alfalfa is limited (Calil et al., 2012) . The effect of climate change on alfalfa production is directly related to the variety of seed, the availability of water, and the duration of dormancy. Lee et al. (2009) found that yield of alfalfa will increase by 3.7-3.8% in California. Anoth-er study from Uzbekistan claimed that yields will increase by 2-9% within the same period (Hunink and Droogers, 2011) . In this study, it was assumed that the yield of alfalfa will not change in the low scenario, will increase by 2% in the middle scenario and by 4% in the high scenario.
The supply elasticity of barley and corn was calculated by Tansel (1994) (TEPGE, 2017) as 0.21 and 0.47 respectively. There was no calculated elasticity for alfalfa. Alfalfa is a perennial crop that can be harvested several times in a year and can be used either as hay or silage. These factors make it difficult to estimate elasticity. When international literature is examined, it was observed that the alfalfa supply elasticities are different. For example, Knapp and Konyar (1991) calculated the supply elasticity of alfalfa for California as 0.41 on the short-term and 0.61 for long-term. Another study conducted in the USA have estimated the elasticity as 0.44 (Russo et al., 2008; Merel et al., 2013) . Paggi (2011) stated that the supply elasticity for alfalfa ranged from 0.33 to 0.66. In this context, this research assumed that supply elasticity of alfalfa in Turkey is 0.5. In agreement with Calil's model, the supply elasticity of silage is assumed to be the same as grain maize because the supply elasticity for silage feeds are not calculated. The following equation was used to calculate the change in purchased feed costs: The producer price of these crops taken from TurkStat (2017) and recalculated in dollars. During the period of 1994-2016, barley prices increased by 126.93% and corn prices by 49.9%. The data of alfalfa is available for only the period of 2011-2016 and prices decreased by 6.07%. The quantitative shares of these four products in the ration were determined separately according to the farm scale groups. Then, the increase in purchased feed cost was estimated for each farm scale.
The changes in the homegrown feed cost was calculated as follows: The share of these four products in the homegrown feed cost was determined separately according to the farm scale groups. Subsequently, the equation was repeated considering the changing yield losses in each scenario.
When all these equations are put together, the total change in feed cost was calculated using the following equation: 
Energy Costs
The change in energy costs is a function of both increase in fuel and electricity prices. It has been formulated as follows: The share of fuel and electricity in total energy cost is ca. 50%. Other studies have also found that the share of fuel and electricity costs in total energy costs is equal (Talim et al., 2000) . Calil's model also assumes that fuel and electricity costs are equal and unchanged in the low scenario. Furthermore, Calil's model agreed that electricity prices would increase by 3% in the medium and high scenarios as cited Amato et al. (2005) .
In this study, it is assumed that electricity prices will increase by 3% due to climate change in medium and high scenarios. Turkey is foreign-dependent in terms of fuel. It was assumed that increase in fuel prices will be 15% in the medium scenario and 83% in the high scenario (Calil et al., 2012) . The model of Calil et al. (2012) assumed that farmers could not implement any adaptation strategies to reduce the effect of heat stress by the use of fans and sprinklers.
Climate change effects on total overall costs of dairy farms
When all these changes are put together, the overall equation is stated below. This equation analyses the effects of changing feed costs, changing energy costs, and heat stress on the total costs of the dairy farms. It was accepted that other costs will not change due to climate change in this study. This equation was repeated for each farm scale group and for the three scenarios each.
Results and Discussions
Characteristics of Farmers
Distribution of respondents' socio-demographic characteristics are shown in Table 1 . All the farmers who participated in the study are male and 82.9% of them are married. Their average age is 45 ± 11 years, their average agricultural experience is 19 ± 12 years and duration of dairy farming activity is 18 ± 12 years. These results are similar with those obtained from other regions of Turkey (Yılmaz, 2010; Gündüz and Dağdeviren, 2011; Uzmay, 2017) . Almost all of the farmers' (88.6%) main source of income are from farming-related sources. The share of livestock and plant production in agricultural income is 76% and 24%, respectively. A study conducted in İzmir also revealed that the share of dairy farming in agricultural income is 75% (Uzmay, 2017) . The mean monthly income of 30% of the farmers is below $1280, while 20.7% of them earn in the range of $1281-2418 and 49.3% earn more than $2418. The results of the study also revealed that half of the respondents (51.4%) also earn income from non-agricultural sources. Regarding their educational backgrounds, 22.1% have primary education, 19% have secondary education, and 35% of them have high school degree. These results show that the education level of the farmers in this region is higher than the others (Elmaz et al., 2010; Demir and Aral, 2009; Yılmaz, 2010) .
Farm characteristics
About 82.9% of the farms are into plant and livestock production. The total cultivated agricultural area is 61,974 decare and the farms' average size is 442.67 decare. The majority of the land (68.15%) is used for growing feed crops. The share of wheat and silage corn area is 44.17% and 21.3%, respectively (Table 2) . Moreover, the percentage of feed crops produced by various farms are as follows: 65% corn silage, 67% wheat, 60% barley, 50% sunflower, 31% vetch, 30% alfalfa, 15% oat, and 6% grain corn.
The scale of the farms is at least 5 and at most 1050 dairy cow. The number of milking cow is maximum 900. The annual production of milk is minimum 30 and maximum 9840 tones. The daily milk yield is minimum 18lt, maximum 40lt and the farms' average yield is 23.39 ± 5.83 lt/day. There is a significant relationship between farm scale and milk yield (Kruskal-Wallis, p 0.000<0.05). The price of milk is $ 0.33 ± 0.26 per liter and the significant relationship was found between farm scale and selling price (Kruskal-Wallis, p 0.000<0.05). A total of 47.1% of the produced milk is sold to the cooperatives, 51.5% is sold to the modern factory, and the remaining are directly marketed. 
Livestock ration
The total amount of feed is divided into two groups which represent homegrown feed and the purchased feed. Farmers purchase 77.6% of the total feed (by weight). This ratio is 35.85% and 85.45% for smallest and largest farm scale groups, respectively (Table 3) .
A total of 32% of the used feed is concentrated and 68% is coarse fodder. The most commonly used feeds by weight are silage (43.47%), wheat straw (13.87%) and alfalfa (8.27%). The share of concentrated feeds is 22.74% factory produced feed, 2.20% pulps and 0.9% wheat bran. Corn (2.28%) and barley (2.15%) are foregrounds in grain feeds.
The farmers purchase 94.14% of the corn they use, 84.62% of the alfalfa, 70.83% of the corn silage and 70.77% of the straw. Almost all the used vetch (96.98%) and wheat (88.87%) are produced in the farms.
Variable costs
The highest share of the variable cost is feed costs (82.50%). Another study conducted in Thrace Region by Keskin ve Dellal (2011) also reported that the share of feed costs is 86.3%. Other studies from different provinces of Turkey demonstrated that the share of feed cost in total operating cost is 71.34% in Çanakkale province which is located in North Aegean, 69.82% in Samsun province (Blacksea Region), 89.35% in Adana (Mediterranean Region) and 86% in Kayseri province (Center Anatolia) (Şahin, 2001; Aktürk et al., 2010; Yılmaz, 2010; Gündüz ve Dağdeviren, 2011) . This ratio is about 56% in the USA, 50% at EU, 31% at New Zealand, 40% at Netherlands, 35% for Germany, 12% at Lithuania (EU 2015; CDFA, 2016; DairyNz, 2017; Gołaś, 2017) . It was respectively followed by veterinary and medicines (3.06%), animal insurances (2.83%) and electricity (2.35%).
The share of purchased feed in the total feed cost is 94.44%. This percentage is 93-99% in Malta and Spain, 67-69% in Sweden, Finland and Hungary (Gołaś, 2017) . The most important ones for purchased feed cost are factory produced feed (65.51%), silage corn (13.92%) and alfalfa (7.74%). On the other hand, silage corn (37.61%), wheat straw (17.53%), barley (12.20%) and alfalfa (5.37%) have a salient share in the homegrown feed costs.
Model Results for Climate Change Impacts on Dairy Farms
Heat Stress Factor
For the first 4 farm scale groups, where there are no significant difference between milk yields, the heat stress factor was calculated to be about 12% in the medium scenario and 13.40% for large farms. Heat stress factor was varied between 19% and 21% in high scenario.
The milk loss due to heat stress was estimated to be 2.59 lt/day for smallest and 4.12 lt/day for largest groups (Table 4 ). In 2044, the daily earnings will decrease to 0.77-1.49 $/cow due to these losses in production. In the high scenario, heat stress will cause a loss of 3.87-6.40 lt/cow and 1.26-2.31 $/cow daily. A study conducted by Yaslıoğlu and İlhan (2016) also stated that heat stress led to 2.07-2.18 lt/day loss between 2007 and 2014 in some provinces near the Thrace Region. Lakew (2017) found that the daily milk yield will decrease by 3.62-4.00 lt/cow due to climate change in South Africa using the same climate model. St. Pierre et al. (2003) reported that the loss of yield per cow due to heat stress varied by region and reached an average of 2007 lt/year in the USA. Bauman et al. (2012) calculated that yields per-cow decreased by 0.12-3.43 lt/day for the historical period and it would continue to decrease till 6.19 lt/day by 2050. 
Change in feed price
As for three different scenarios for 2044, the expected yield losses ranged from 15.13-17.80% for barley and 14.11-16.60% for maize. The results of a study carried out by Dellal et al. (2011) , which uses different variables such as temperature, precipitation, evaporation and genetics, estimated that corn and barley yield of Turkey by 2050 will decrease to 10.1% and 7.6% owing to climate change. It is noteworthy that Marmara Region, which includes Thrace Region, is one of the most important region in terms of yield loss. Turkey's production of barley declined by 22% as a result of 2007 drought (Engindeniz and Öztürk, 2009 ). Georgopoulou et al. (2017) reported that corn and barley yield will decrease by 10% It was estimated in this research that the highest price increase will be at barley due to decline in yields by 2044. However, the price of alfalfa is expected to decline. It was also stated in the United States that alfalfa prices will not change in the low scenario, but 4% and 8% decrease will be seen in the middle and high scenario (Calil et al., 2012) . Table 5 shows the expected change in feed prices for plants that are used in the model.
Increase in purchased feed cost
The price increase in purchased feed cost per farm scales is shown in Table 6 and it ranges from 24% to 26%. 
Increase in homegrown feed cost
The increase in homegrown feed cost for per scale and scenario is shown in Table 7 . It is noteworthy that the highest cost increase will be experienced in the largest farm scale group.
Total change in the feed costs
It has been determined in this study that the total feed costs of the farms in the first four groups will increase by 16-19%. The largest group will face only 10% price increase (Table 8 ). This is due to the fact that in the largest group of farms the share of home-grown feeds is only 15%. The cost increase in the low scenario was calculated to be higher than in the high scenario for some scale groups. This is based on the assumption that alfalfa prices will not change in the low scenario but will decrease by 18% in the high scenario. The share of homegrown or purchased feed is different for each group.
Change in energy cost
It was calculated in this study that energy costs would increase by 9% in the middle scenario and by 43% in the high scenario (See the material and method section for details).
Total change in variable costs of farms
By the year 2044, the average increase in variable costs due to climate change are expected to be about 10-18% in the low scenario, 27-34% in the medium scenario and 41-49% in the high Table 7 -Increase in homegrown feed cost (%).
Scenario
Group- (Table 9) . Climate change will significantly affect variable costs even in low scenarios where the heat stress factor is not effective.
In the low scenario, the cost increase would affect at most the 4th and at least the 5th group.
In the middle scenario, it is noteworthy that the cost increase is usually doubled owing to the heat stress factor, or even about tripled in the largest group.
The findings of this study showed that the most dominant causes of the cost increase are feed costs and heat stress factor. Averagely, 51% of the cost increase in the first four groups is due to feed costs, 47.8% from heat stress and 1.2% from energy costs. The effect of feed costs is only 36% in the largest group. It is remarkable that heat stress factor is responsible for 61.9% of the cost increase in the largest group (Graph 1). Graph 1 -Effect of changes in feed, energy and heat stress on costs (medium scenario).
Graph 2 -Effect of changes in feed, energy and heat stress on costs (high scenario).
The same results were also identified in the study conducted by Calil et al. (2012) ; heat stress and feed prices were equally affected by the total cost increase, and energy had a minimal effect. In the high scenario, it was observed that the effect of the heat stress factor on variable costs increased to an average of 60% for the first four groups. This ratio is 71.2% in the largest scale group (Graph 2). In some regions of the USA, it has been stated that the effect of the heat stress factor on total costs is 80% (Calil et al., 2012) .
Conclusions
In this study, the impact of climate change on variable costs of dairy farms was investigated based on different future scenarios and farm scales. The main findings of this study was that climate change will significantly increase the variable costs in dairy farms in the Thrace Region until 2044. The effects of climate change vary according to the scale of the farms and the temperature scenarios.
For the low scenario, it was assumed that there is no heat stress, milk yield loss and change in energy cost due to climate change. Nevertheless, if the average temperature increase by 1.7°C, the feed costs of the farm will be increased by 10-18%. The results of the medium scenario showed that total variable costs of the farms will increase by 27-35% due to climate change. Heat stress factor and feed price increase contributed to the cost increment half-and-half. According to the high scenario, it was observed that climate change will cause 41-49% cost increase in dairy farms. It is noteworthy that the heat stress has a share of up to 70% in the cost increase. The results of three different scenarios showed that the costs of the small and medium scale farms will increase by 17-50% due to climate change, while large-scale farms will increase by 10-41%.
According to the results of the survey, it is necessary to take precautions in order to minimize the effects of climate change on costs. There are some useful adaptation methods used to mitigate the effects of climate change on dairy farms; making infrastructural investments such as build cooling and watering systems, changing feeding practices seasonally, using supplementary nu-trients and planting shade trees. In this context, extension activities for proper adaptation of the farmers is of vital importance. Moreover, new investment projects that take climate change into consideration should be supported in the region and the subsidies given to dairy farmers must be associated with climate change.
It is crucial to establish the farm accounting system and improve the statistical infrastructure so that the economic impacts of climate change on farms can be defined exactly and completely. Farm accountancy data network project is required to be put into practice. The inadequate research that examines the economic effects of climate change in dairy farms also prevents cross-regional comparisons. Ensuring awareness of all stakeholders in the sector on climate change and conducting multidisciplinary research about this issue will ensure that the technical and economic impacts of climate change are understood and necessary precautions are taken.
